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Abstract
The human fovea and visual pathways are precisely split: information in one hemiﬁeld is initially projected to the contralateral
visual cortex. This fundamental anatomical constraint on word recognition in reading has been largely ignored in eye movement
research. We explore the consequences of this constraint through analyses of a large corpus of eye movement data, and demonstrate
that aspects of saccade planning (target selection, initial landing position) are sensitive to both hemispheres, estimated uncertainty
about the identity of the currently ﬁxated word. We interpret these ﬁndings in terms of a hemispheric division of labour. We suggest
that anatomical, visual and lexical factors all contribute to the decision of where to send the eyes next in reading.
 2004 Elsevier Ltd. All rights reserved.
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Shillcock, Ellison, and Monaghan (2000) have argued
that the task of visual word recognition can be reconcep-
tualised in terms of a major anatomical constraint on
reading: the precise vertical splitting of the fovea, entail-
ing that the contents of the right visual ﬁeld (RVF) are
initially projected to the left hemisphere (LH), and infor-
mation in the left visual ﬁeld (LVF) is initially projected
to the right hemisphere (RH). Shillcock et al. demon-
strate that a words optimal viewing position (OVP)
can be understood as the position where equal amounts
of information about the words identity are available to
the LH and RH. On average, the OVP is left of centre
for English words of four or more letters. Based on
the split-fovea models account of data from the recog-
nition of isolated words, Shillcock et al. make two
proposals about the planning of ﬁxations during the
reading of text: (a) parafoveal processing fundamentally0042-6989/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
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E-mail address: scott.mcdonald@ed.ac.uk (S.A. McDonald).conditions word identiﬁcation during reading, so that
the OVP is not necessarily the point where information
is equalised across the hemispheres; (b) information nec-
essary for word recognition may reach the ipsilateral
hemisphere either through callosal transmission or
through successive saccades that bring yet unseen letters
into the contralateral visual ﬁeld. In the course of assess-
ing these statements, we present empirical data that
demonstrate a new understanding of the reading process
that is constrained by the splitting of the visual path-
ways. Our ultimate research goal is to identify the
anatomical and informational constraints that condi-
tion eye movement behaviour in normal and impaired
reading.
1.1. Anatomical constraints
Anatomical constraints are the most legitimate start-
ing point in understanding reading: they are psycholog-
ically real givens and they have cross-linguistic validity.
This approach diﬀers from a research agenda that starts
with higher cognitive functions, such as parsing ambig-
uous sentences, which constitutes much of reading re-
search. Although the research we report here is on the
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universals that generalise to other languages and
orthographies.
Which anatomical constraints – from cornea to cor-
tex – are the most relevant? We claim that hemispheric
division is an important constraint. The representation
of the visually presented word is physically split between
the hemispheres, as we describe below. This fact places a
physical constraint on the processing: there has to be
some process of integration of the two parts of the word.
Such a clear physical constraint is qualitatively diﬀerent
from, for instance, physiological factors such as the
claimed predisposition of the RH for coarse coding
compared with ﬁne coding in the LH (see, e.g., Beeman,
Friedman, Grafman, & Perez, 1994). Coarse- vs. ﬁne-
coding is a productive distinction in models of
hemispheric processing and reading (see Monaghan,
Shillcock, & McDonald, 2004) but its implications for
reading are less direct and require more modelling
assumptions compared with the anatomically observa-
ble process of the splitting of the visual projection from
the fovea to V1. Recently researchers have begun to as-
sess the implications of the rather variable disparity be-
tween the points of ﬁxation of the two eyes in reading
(see, e.g., Heller & Radach, 1999). Such a constraint also
qualiﬁes as a major physical constraint on the process.
Our current data and analyses are exclusively concerned
with the right eye of our participants; in common with
most researchers, we make the simplifying assumption
that these data are representative of the key behaviours
in reading. Although the mechanisms of ocular domi-
nance and suppression are currently obscure, we accept
that a more comprehensive model will encompass the
diﬀering roles of the two eyes.
A second reason for prioritising hemispheric division
in reading is that division at the midline, and subsequent
contralateral projection, is a fundamental design feature
of the animal nervous system. Grounding a model of
reading within this feature is a scientiﬁcally secure place
to begin. Our current research is concerned with the
point of ﬁxation, irrespective of attentional constructs
such as the bodys midline. Hemispheric division in
models of cognition is a productive approach to explain-
ing complex behaviours (see also Cohen, Romero,
Farah, & Servan-Schreiber, 1994; Kosslyn, Chabris,
Marsolek, & Koenig, 1992; Reggia, Goodall, & Shkuro,
1998).
In modelling terms, the most parsimonious and most
falsiﬁable assumption within such a hemispheric per-
spective is the claim that there is no necessary hemi-
spheric communication, and that reading may be
modelled by assuming independent LH and RH contri-
butions. Clearly, visual information from one hemiﬁeld
does eventually have eﬀects in the ipsilateral hemisphere,
but the brains pervasive recurrent connectivity means
that a detailed time-locked picture of the ﬂow of visualinformation around the brain together with the genera-
tion of cognitive representations is still a distant goal.
Our approach is to ﬁrst determine how much can be ex-
plained by a simple model grounded in the observable
anatomy of the split foveal projection to V1, to reveal
what role there might be for elaborations, based possi-
bly on diﬀerential styles of RH and LH processing.
1.2. The split-fovea model
The current paper develops the split-fovea model of
single-word reading, applying it to eye movement
behaviour in reading text. The model of single-word
reading has been explored from a statistical perspective
(Shillcock et al., 2000) and as a connectionist model.
The former approach, based on an analysis of a large
lexicon of English, has shown that the division of labour
between the hemiﬁelds/hemispheres (a) predicts the OVP
for isolated words, (b) predicts a greater word length ef-
fect in the right visual ﬁeld, and (c) captures the process-
ing priority given to the outside letters of words. The
latter, connectionist approach, based on large-scale
mappings of a divided orthographic input to a phono-
logical, semantic or orthographic output, has shown
that such a model inherits the advantageous behaviours
of more abstract (i.e., non-split) connectionist models of
single-word reading. In addition, the implemented mod-
el reproduces the exterior letters eﬀect (Shillcock &
Monaghan, 2001a), suggests a contribution to hemi-
spheric diﬀerences in summation priming (Monaghan
et al., 2004), and demonstrates how regularisation errors
in surface dyslexia can arise from callosal impairments
(Shillcock & Monaghan, 2001b). In summary, the
split-fovea model captures a range of data from single-
word reading. When comparing modelling approaches
to text reading, the ability, or otherwise, of the ap-
proaches to explain single-word reading behaviour
should be taken into account.
In the current research, the principal paradigm is sta-
tistical analysis (chieﬂy regression analysis) of a large
corpus of naturalistic reading behaviour. Many of the
relevant behaviours have been accommodated by exist-
ing models of reading. The split-fovea model must be
able to account for not only the range of behaviours ac-
counted for by other models, but also behavioural data
outside their scope. The critical hypothesis that we
test––which has the capacity to falsify the split-fovea
model––is that measures of uncertainty about the iden-
tity of the ﬁxated word, calculated separately for each
hemisphere, have signiﬁcant, independent roles in
explaining spatial properties of eye movement behav-
iour. Such measures do not feature explicitly or inde-
pendently in other models. If these measures can be
shown to predict eye movements, then we will have dem-
onstrated that the split-fovea model makes a contribu-
tion at a level of speciﬁcity not reached by other models.
Fig. 1. Example of the initial projection of letter information to the
left and right hemispheres due to foveal splitting, assuming ﬁxation
between the third and fourth letters of talented.
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tion is constrained by the precise vertical splitting of the
fovea (for a review of the evidence for foveal splitting,
see Brysbaert, 2004; Lavidor, 2003; Lavidor & Walsh,
2004; Leﬀ, 2004), which means that with every ﬁxation
on a word, letters falling to either side of the centre of
the fovea are initially processed by the contralateral
hemisphere. Fig. 1 illustrates the implications of foveal
splitting for an example ﬁxation during reading; the x
indicates the horizontal point of ﬁxation on talented.
The ﬁrst three letters fall entirely within the LVF and
are initially projected to the RH; the ﬁve letters in the
RVF are projected to the LH. Thus, the LH and RH
have neither identical nor overlapping information
about the ﬁxated words identity, and neither hemi-
sphere has enough letter information to identify the
word.
1.3. Hemispheric transfer
The orthodox, computationally based view of the
transfer of information in word recognition is that there
is, broadly, a unidirectional cascade of information
‘‘from the outside in’’, in which sensory information isFig. 2. Two hypothetical ﬁxation patterns on the text fragment supremely ta
which letter information can be accurately obtained, and a further nine char
information is available. Asterisks indicate letters that are not identiﬁable. In
and RH at the second ﬁxation. In (c), the LHs uncertainty is much lower th
parafoveal preview was available, and both hemispheres have roughly equalconverted into conceptual information. Our anatomi-
cally-based view trades on the pervasive recurrent con-
nectivity found in the visual system and in its relations
with the rest of the brain (Van Essen, 1985). Intact rep-
resentation in V1 appears necessary for full conscious
awareness of the contents of the visual ﬁeld (Cowey &
Stoerig, 1992). We conceive of the processing of diﬀerent
functional levels of representation as the orchestration of
diﬀerent representations in diﬀerent parts of the brain,
rather than a one-way ﬂow of activation from lower to
upper levels. Thus, the divided representation in V1 as-
sumes central importance, as the most authentic cortical
representation of the ﬁxated word. This view of process-
ing during word recognition is central to a realistic con-
ception of what hemispheric transfer can and cannot
achieve: it cannot ship V1s full, authoritative represen-
tation backwards and forwards across the corpus callo-
sum, nor does it try to. The only cells in V1 with a direct
callosal connection are those whose receptive ﬁeld con-
tains a representation of the midline (Whitteridge,
1965). The brain stitches together these two representa-
tions, like curtains representing each hemiﬁeld. In the
extrastriate visual cortex, the receptive ﬁelds become
more and more bilateral (although still with their peak
response typically contralateral to the stimulus) (Berluc-
chi & Antonini, 1990). There are direct implications here
for the issue of the relationship between the information
gained by one hemisphere on successive ﬁxations.
Shillcock et al. (2000) derive from the split-fovea
model two possible processing routes for hemispheric
transfer during reading. The ﬁrst is internal hemispheric
transfer (IHT): If words tend to be ﬁxated at a location
where, on average, the information available to each
hemisphere about the words identity is equal, then both
hemispheres have an equally good chance of recognising
the word, and interhemispheric transfer is optimised.
Fig. 2 shows three ﬁctitious ﬁxation patterns on supre-
mely talented. Fig. 2a illustrates the ﬁxation locationlented. We assume a 6-character window to the right of ﬁxation from
acters from which low spatial frequency (word length, letter vs. space)
(b), uncertainty (H) about the identity of talented is equal (zero) for LH
an the RHs at the second ﬁxation. (a) Depicts the situation where no
chances at identifying the word.
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hemisphere is roughly balanced. If we assume that the
ﬁrst two letters of talented could be identiﬁed parafove-
ally on the previous ﬁxation (Fig. 2b, ﬁxation #1), then
the best place to ﬁxate talented to equalise the informa-
tion between the hemispheres is at the sixth letter, be-
cause the LH already has knowledge of the initial
letters from the previous ﬁxation. IHT may incur a cost,
which Brysbaert (1994) has estimated at 1.5ms per letter
transferred.
The second proposed route is external hemispheric
transfer (EHT): Fixations may be located so that the
high-acuity letter information available to one hemi-
sphere on a given ﬁxation complements the information
it received on the previous ﬁxation. Thus letter informa-
tion is transferred in the world. For languages read
left-to-right, like English, EHT would optimise word
identiﬁcation by having the LH receive complementary
letter information on each ﬁxation (see Robinson,
1973; for an early exposition of this idea). For the LH,
at the second ﬁxation in Fig. 2c, there is an IHT option
of transferring information about the word-beginning
from the RH and an EHT option of relying on pre-exist-
ing information about the word beginning obtained by
parafoveal preview on the last ﬁxation. Note that the
full richness of the representation in V1 cannot be trans-
ferred interhemispherically, only summary visual infor-
mation and any orthographic, phonological and
semantic information about the word-beginning that
may result from intrahemispheric processing of the
information in V1. Although the RVF projects directly
to the LH, for the parafoveal processing-dependent
EHT option, only abstract letter and phonological
information is utilised (for a review, see Rayner, 1998).
There may be implications for memory and for the phe-
nomenological experience of reading, stemming from
how these two options are exercised.
For the RH, at the second ﬁxation in Fig. 2c, there is
an IHT option of learning about the second part of the
word from the LH. Only with a subsequent ﬁxation
would there be any EHT option, which would become
available if the RH had a view of the second half of
the word talented. Again, IHT at the earlier ﬁxation can-
not provide the RH with the full V1 experience, but the
information arrives a ﬁxation earlier. (For the RH the
option might resemble looking at a coarse-grain photo-
graph of a painting compared with the rich image of the
real artwork. When we take into account semantic and
phonological processing, which may also occur intra-
hemispherically and need to be coordinated across the
two hemispheres, then the IHT option might resemble
receiving a faxed review of a play vs. waiting until the
weekend to see the live performance.) Clearly, we are
at the limits of what is known regarding the relationship
between the rich sensory data and the process of full lex-
ical access. Sensory data produce very rapid eﬀects inhigher cortical areas (Foxe & Simpson, 2002; Thorpe,
Fize, & Marlot, 1996), and these eﬀects may be on the
basis of partial information provided by particular path-
ways. In the case of visual word recognition, there may
also be integration at particular levels of representation
(e.g., abstract letter information, ignoring font or case).
On the other hand, as we have argued above, the goal of
reading is the full phenomenological experience and it
may be that this experience is only available on the basis
of slower or later processing that refers to the rich sen-
sory data. It may be more accurate to see the EHT
and IHT options as complementary, even overlapping,
in function rather than as competing or mutually
exclusive.
1.4. Optimal word identiﬁcation
The function of reading is to derive meaning from
written language, and it is reasonable to suppose that
the eye guidance system has adapted to realise this goal.
We assume, uncontroversially, that (a) eye movements
are at least partially contingent on the properties of
the text being read (i.e., they are not the consequence
of a completely random process); (b) a fundamental
component of reading for comprehension is the identiﬁ-
cation of the individual words in the text; and (3) the
neural mechanisms responsible for eye movement con-
trol have developed through experience to address the
task of word identiﬁcation eﬀectively. We should ﬁnd
some behavioural evidence that eye guidance is not ran-
dom or completely dumb, but rather has properties
that could be seen as approximating an optimal solution
to the problem of word identiﬁcation.
In order to proceed with the notion of optimal word
identiﬁcation, we needed an objective method for esti-
mating the diﬃculty of identifying any word in the lex-
icon on the basis of partial visual information. We
quantiﬁed the likelihood of successful word identiﬁca-
tion using the information-theoretic concept of uncer-
tainty (cf. Underwood, Clews, & Everatt, 1990). Two
types of orthographic information can be employed in
discriminating a word from its visual competitors: its
length and its component letters. For instance, knowing
the length and ﬁrst four letters of talented unambigu-
ously resolves its identity, since no other English 8-letter
word begins with tale-. Hence, uncertainty about this
words identity, given its length and ﬁrst four letters, is
minimal.
Uncertainty (H) was calculated as the log of the num-
ber of words in the CELEX lexical database (Baayen,
Piepenbrock, & Gulikers, 1995) that matched the availa-
ble orthographic information (length and identiﬁable
letters). Uncertainty values are in bit units and can be
seen as measuring the discriminability of a word from
the rest of the lexicon. When there are two possibilities
matching the partial information available, uncertainty
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or there is only one lexical entry matching the partial
information available, uncertainty is zero. Uncertainty
generalises the notions of initial trigram informative-
ness (e.g., Kennedy, 2000) or lexical constraint (Dore´
& Beauvillain, 1997; Pynte, 1996; see also Farid &Grain-
ger, 1996), and as we have deﬁned it here, is very similar
to the entropy measure forming the basis of Legge, Klitz,
and Tijan (1997) ideal-observer model of reading.
Lexical measures related to our formulation of uncer-
tainty have been shown to have behavioural relevance
under two diﬀerent experimental paradigms. Brysbaert,
Vitu, and Schroyens (1996) reported that the probability
of successfully identifying a brieﬂy presented 5-letter
word was inﬂuenced by the informativeness of its begin-
ning and end trigrams. When the ﬁrst letter was ﬁxated,
words uniquely speciﬁed by their ﬁrst three letters had a
signiﬁcantly greater likelihood of being identiﬁed than
words with a redundant beginning and unique ending.
When ﬁxation was imposed on the ﬁnal letter, the like-
lihood of successfully identifying words with unique
beginnings was smaller than for words with unique end-
ings. Lavidor, Hayes, Shillcock, and Ellis (2004) investi-
gated the role of lead-neighbourhood size (lead-N) in
lexical decision. Lead-N was deﬁned as the number of
other words of the same length that share the target
words initial trigram. Lavidor et al. tested centrally-pre-
sented 6-letter words and reported that response times
were aﬀected only by the letters falling in the LVF (ini-
tially projected to the RH); large lead-N words were
facilitated compared with small lead-N words.
Our formulation of word identiﬁcation uncertainty is
additionally sensitive to the fact that during reading, the
initial letters of the upcoming word(s) are often percep-
tible. We assume that orthographic information availa-
ble at a particular ﬁxation is trans-saccadically
integrated with any partial letter information obtained
parafoveally from the previous ﬁxation (e.g., Rayner,
McConkie, & Zola, 1980). In Fig. 2, uncertainty values
for the left and right hemiﬁelds are computed at each ﬁx-
ation. Asterisks indicate low-spatial frequency informa-
tion (although a letter may not be identiﬁable due to
visual acuity constraints, it may still be distinguished
from a space). Importantly, we assumed that the length
of the entire ﬁxated word is available to both hemi-
spheres; split-brain studies (e.g., Sergent, 1987) have
suggested that some visual information (particularly
low spatial frequency information) may be conveyed
subcortically––and thus be less subject to foveal split-
ting, and/or to the hemispheric division of the cortex.1 First-pass refers to the initial ﬁxation(s) made on a given word
until the eyes exit the word, either to the left or to the right. Regressive
saccades made to a word initially skipped or previously ﬁxated do not
count as ﬁrst-pass.2. Corpus analyses
In this section, we present the results of a number of
analyses of saccade planning behaviour, examining theability of hemisphere-speciﬁc uncertainty computations
to explain variability in the following dependent meas-
ures: saccade amplitude, selection of the saccade target,
and initial ﬁxation position. We begin by describing the
characteristics of the corpus data that we used for these
analyses, and then present some exploratory analyses of
the relationships between RH and LH uncertainty val-
ues and initial ﬁxation location. We next report analyses
of the inﬂuences of RH and LH uncertainty about the
currently ﬁxated word on the three dependent variables,
and the inﬂuences of LH uncertainty about word n + 1
on the same three variables. Our focus is on uncertainty
computations concerning the currently-ﬁxated word,
under the assumption that programming of the subse-
quent saccade can be aﬀected by the processing of the
current word.
2.1. The corpus
The EMBRA corpus (for Eye Movement Behaviour
during the Reading of newspaper Articles) consists of
eye movement data collected from 23 British English
speakers while they each read approximately 2300 words
of newspaper text presented on a computer screen. Text
was rendered in a 5 · 7 ﬁxed-pitch graphics font. View-
ing distance was 75cm; at this distance 1 of visual angle
was subtended by 3.8 characters. A Fourward Technol-
ogies Generation VI Dual Purkinje Image eyetracker
interfaced to a 486 PC was used to monitor movements
of the right eye. Eye position was sampled every millisec-
ond. The corpus comprised 10 article excerpts taken
from contemporary Scottish and UK National broad-
sheet newspapers, chosen to cover a wide range of top-
ics. Each display page consisted of no more than 10
double-spaced lines of text, with a maximum line width
of 65 characters. Participants were told to read the ex-
cerpts at their normal rate, and that they would be re-
quired to answer a yes–no comprehension question at
the end of each article; performance on these questions
was not assessed. See McDonald and Shillcock (2003)
for further details of the procedure.
2.2. Data selection
In order to minimise the impact of known confound-
ing factors in our analyses, we selected data from the
EMBRA corpus according to the following criteria. As
we were primarily interested in investigating saccade
behaviour from a launch word to a destination word dur-
ing ﬁrst-pass 1 reading of the text, we selected candidate
launch–destination pairs where the launch word (1) was
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Fig. 3. Initial landing position distributions for the destination words
of length 4–8 letters in the current dataset.
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Fig. 4. Reﬁxation likelihood as a function of initial ﬁxation position,
for the 4–8 letter destination words in the current dataset.
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consequence that the launch word could not be the
recipient of the ﬁrst ﬁxation made on the line of text),
(2) was not the ﬁrst word on the line, and (3) received
a single ﬁxation only. The latter restriction eliminated
potential inﬂuences on saccade planning due to varia-
tion in the ﬁxation pattern on the launch word (Radach
& Kempe, 1993). Furthermore, the outward saccade
(i.e., the saccade that brings the eyes from launch to des-
tination word) had to be progressive, landing on one of
the next three words on the line, 2 with no punctuation
intervening between launch and destination words. All
cases containing missing data due to a blink or other sig-
nal irregularity were removed. After these constraints
were applied, 13,064 cases were available for analysis.
These restrictions retained 61% of the forward saccades
recorded during ﬁrst-pass reading in the corpus. Our
analyses aggregate the data for all 23 participants to-
gether. Although this method does not permit us to
make statistical inferences about the reading behaviour
of the population of English readers, it does allow pow-
erful tests of subtle diﬀerences in the independent varia-
bles to be conducted.
2.3. Global properties
Before exploring the implications of foveal splitting
for saccade planning, we present two graphical summa-
ries of our dataset. Fig. 3 plots the composite initial
landing position distributions for destination words of
various lengths (4–8). These curves are consistent with
those reported by other researchers for text passage-
reading: there is a preference for initial ﬁxations to be
made between the beginning and middle of the word
(e.g., Rayner, 1979). Fig. 4 displays the reﬁxation likeli-
hoods for destination words as a function of landing
position. Also consistent with previous reports (e.g.,
McConkie, Kerr, Reddix, Zola, & Jacobs, 1989; Vitu,
ORegan, & Mittau, 1990), these curves show a strong
dependency between ﬁxation position and reﬁxation
probability; reﬁxations are much more likely the further
left of word-centre the initial ﬁxation.
2.4. Foveal splitting and observed ﬁxation behaviour
Using the EMBRA corpus data, we explored the
potential relationships between RH and LH uncertainty
and initial ﬁxation position. We began by computing
average RH and LH uncertainty values as a function
of initial ﬁxation location for word lengths of ﬁve2 Very few saccades landed on word n + 4 (or further) in our corpus
data; in order that we have a suﬃcient number of cases to work with,
our analyses are restricted to words n + 1 through n + 3. Some analyses
(e.g., initial landing position) are restricted to n + 1 and n + 2, for the
same reason.through eight letters. The relationship between each
hemispheres uncertainty about the identity of the cur-
rently ﬁxated word and the letter position ﬁxated is dis-
played in Fig. 5. For each of the four word lengths
considered, RH uncertainty is maximal when the space
before the beginning of the word is ﬁxated and decreases
as initial ﬁxation position moves rightward. The oppo-
site pattern is apparent for LH uncertainty. Fig. 5 also
depicts the mean initial ﬁxation location as a vertical
bar. Where this bar intersects the two series, the average
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Fig. 5. Mean right and left hemisphere uncertainty about the identity of word n as a function of initial ﬁxation position, in 5-letter (top left panel), 6-
letter (top right panel), 7-letter (bottom left panel), and 8-letter (bottom right panel) words. Vertical bars mark the mean initial ﬁxation position.
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word is initially ﬁxated can be estimated. At this mean
ﬁxation location, uncertainty is fairly evenly balanced
between the hemispheres, although average RH uncer-
tainty is always slightly higher than average LH
uncertainty.
We also computed the global average RH and LH
uncertainty values, collapsing the data for all ﬁxation
positions together. For 5-letter words, the average RH
uncertainty is higher than average LH uncertainty
(3.99 vs. 2.33 bits). The same pattern was apparent with
the other word lengths: 4.50/1.95, 4.59/1.39, and 4.51/
1.32, for the 6-, 7- and 8-letter words, respectively. The
LH advantage is due to parafoveal preview: partial letter
information is often available at the previous ﬁxation.
How do these behavioural summaries relate to the
IHT and EHT options? On average, saccades land at a
point just left of the location where the two hemispheres
have equal chances at identifying the word. Thus, ﬁxa-
tions tend to be made at a position generally favourable
for IHT (i.e., an even balance in uncertainty), with asmall preference for less LH uncertainty than RH
uncertainty about the words identity.
We conducted a further investigation into the relation
between saccade behaviour and hemisphere-speciﬁc
uncertainty, by looking at RH and LH uncertainty val-
ues preceding and following an interword saccade. It is
possible to classify interword saccades into four groups,
by crossing the two conditions where RH uncertainty in-
creases/decreases from one ﬁxation to the next with the
two conditions where LH uncertainty increases/de-
creases across an interword saccade. The proportions
of cases falling into each of these groups were not evenly
distributed: RH H increases/LH H increases: 0.134; RH
H increases/LH H decreases: 0.374; RH H decreases/LH
H increases: 0.319; RH H decreases/LH H decreases:
0.172. The conditions where a change in one hemi-
spheres uncertainty was accompanied by a change in
the other hemispheres uncertainty in the opposite direc-
tion was indicative of nearly 70% of the interword sac-
cades in our dataset. The results of this analysis suggest
that equalising uncertainty between the hemispheres,
4 We also carried out supplementary analyses treating participants
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quence of saccade behaviour during reading.
2.5. Uncertainty about word n
The primary implication of foveal splitting for read-
ing is that diﬀerent letter information is initially pro-
jected to each hemisphere, with a potential diﬀerence
in the corresponding abilities of the two hemispheres
to identify the currently ﬁxated word from this visual
information. For example, if the currently ﬁxated word
was talented, with the eyes ﬁxating between the third and
fourth letters (see Fig. 1), the LHs uncertainty about the
words identity based on the contents of the RVF
(***ented) would be high, because there are 11 other
8-letter words in CELEX that end in ented. In contrast,
RH uncertainty derived from the ﬁrst three letters
(tal*****) would be lower, because only six other words
match.
The computation of RH and LH uncertainty requires
certain assumptions about the size of the window within
which visual information is obtained. We set the size of
the forward perceptual span to 15 characters, in line
with McConkie and Rayners (1976) demonstration that
perturbing the text beyond 14–15 characters to the right
of the currently ﬁxated character had no reliable inﬂu-
ence on reading speed. The availability of low spatial
frequency information (e.g., allowing word boundaries
to be determined) was assumed throughout the percep-
tual span, which meant that word blobs could always
be perceived, but not necessarily identiﬁed.
The limit for the utilisation of letter-level information
during reading has been estimated to be 7–8 characters
to the right of ﬁxation (Underwood & McConkie,
1985), with a total visual span of at least 10 characters
(Legge, Ahn, Klitz, & Luebker, 1997). In light of these
estimates, we conservatively considered the region of
the perceptual span in which letters could be identiﬁed
to extend six characters to the right and to four to the
left of the currently ﬁxated letter. 3 While in reality there
is no precise cutoﬀ beyond which letter information can-
not be acquired, but rather a gradient, we recognise that
this is only a ﬁrst approximation (cf. Stevens & Grain-
ger, 2003). We also assumed trans-saccadic integration
of letter information within each hemisphere.
Does hemisphere-speciﬁc uncertainty about the iden-
tity of the currently ﬁxated word inﬂuence the planning
of the next saccade? Such an inﬂuence could (1) modify
the length of the outward saccade; (2) inﬂuence word
targetting (the selection of the target of the outward sac-
cade); or (3) inﬂuence the landing position in the desti-3 To simplify analysis, we have not considered the potential
dependence of the size of the perceptual span on foveal processing
diﬃculty (e.g., Henderson & Ferreira, 1990).nation word. We examine each of these three
possibilities in turn.
2.5.1. Saccade amplitude
We tested the hypothesis that outward saccade ampli-
tude (i.e., the length of the saccade from launch word to
destination word) is inﬂuenced by hemisphere-speciﬁc
uncertainty about the current words identity. In order
to reduce possible confounds due to the eccentricity
(and consequently, the perceptibility) of the subsequent
words in the visual conﬁguration, we held the eccentric-
ity of n + 1 constant. Analyses were conducted on 4–8
letter launch words only, with the stipulation that the
ﬁxation on the launch word occurred at the last-but-
two letter position (e.g., the third letter of a 5-letter
launch word, the ﬁfth letter of an 7-letter launch word).
This position is also the position where the empirical
reﬁxation likelihood is reasonably low (McConkie
et al., 1989; Rayner, Sereno, & Raney, 1996; see also
Fig. 4). These constraints were met by 1487 cases.
We conducted a simultaneous linear regression
analysis on outward saccade amplitude, including both
RH and LH uncertainty as predictor variables. Both
factors were signiﬁcant independent predictors of sac-
cade amplitude; saccade length tended to increase as LH
uncertainty increased and RH uncertainty decreased:
b = 0.097, t(1484) = 3.77, p < 0.001; b = 0.070,
t(1484) = 2.71, p < 0.01, respectively. 4
To illustrate the size of these eﬀects of hemisphere-
speciﬁc uncertainty on saccade amplitude, Fig. 6 dis-
plays the saccade length distributions as a function of
tertile splits of the data, for both RH and LH uncer-
tainty (the upper tertile of the data was deemed the
High uncertainty condition, and the lower tertile the
Low condition). The distribution for the High uncer-
tainty cases compared with the Low uncertainty cases
is displaced rightwards for the LH and displaced left-
wards for the RH analysis. The eﬀect size (diﬀerence be-
tween High and Low condition means) was 0.37 and
0.55 character spaces for the RH and LH, respectively.
Because the length of the word to the right of ﬁxation
(word n + 1) has a strong inﬂuence on the length of the
outward saccade from word n (because short n + 1 is
more likely to be skipped, saccade size tends to be long-
er; see e.g., Rayner, 1979), we considered whether a con-
found with the length of n + 1 might explain our
ﬁndings. We conducted a further regression analysis,
explicitly controlling for the length of n + 1 by includingas a random factor. Using Lorch and Myers (1990; Method 3)
recommendations for repeated measures regression analysis, and
including the eccentricity of n + 1 and either RH or LH uncertainty
as predictor variables, RH uncertainty remained a reliable predictor:
t(22) = 4.77, p < .001, but LH uncertainty was only marginally
signiﬁcant: t(22) = 1.67, p = .109.
6 In these and subsequent ordinal regression results reported in this
paper, a positive regression coeﬃcient (b) indicates a positive
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Fig. 6. Outward saccade amplitude distributions as a function of tertile splits of right hemisphere-speciﬁc (a) and left hemisphere-speciﬁc (b)
uncertainty about the identity of word n.
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those of the previous analysis, indicating that even when
the length of the next word is controlled, both RH and
LH uncertainty are signiﬁcant predictors of outward
saccade amplitude.
However, because even a small saccade size diﬀerence
may reﬂect a diﬀerence in the selection of the saccade
target for some proportion of cases, rather than indicat-
ing a more pervasive modulation of saccade amplitude,
it is crucial to also investigate saccade target selection, to
which we turn next.
2.5.2. Target selection
We examined the distribution of destination words
(word n + 1, n + 2 or n + 3) as a function of RH and
LH uncertainty using the subset of the visibility-control-
led dataset where there were at least three words to the
right of the launch word on the line of text. A word was
deemed to have been selected as the saccade target if the
saccade landed on any of its component letters or on the
preceding space. 5 The relevant data are summarised in
Fig. 7, which shows saccade destination distributions as
a function of High and Low uncertainty (operational-
ised using tertile splits), for both right and left hemi-
sphere uncertainty. The distribution of saccade
destinations appears to diﬀer as a function of uncer-
tainty. A larger proportion of saccades landed in n + 2
in the Low condition compared with the High condition,
for both hemisphere-localised analyses.
This analysis suﬀers from a lack of control for other
factors inﬂuencing target selection, such as the length,
frequency and predictability of word n + 1. Numerous
studies have found that short, frequent and predictable5 For simplicity, we equate saccade destination with saccade target.
Because of systematic range error and random placement error, the
planned saccade target may well have been diﬀerent from the actual
destination.words tend to be skipped more often than long, less fre-
quent and unpredictable words (e.g., Brysbaert & Vitu,
1998; Drieghe, Brysbaert, Desmet, & De Baecke, 2004;
Just & Carpenter, 1980; Rayner & Raney, 1996; Rayner
et al., 1996). A more powerful test of a unique inﬂuence
of hemispheric-speciﬁc uncertainty on target selection is
provided by ordinal logistic regression analysis. This
method allowed us to employ the full range of uncer-
tainty values in the dataset rather than treating uncer-
tainty as a trichotomous variable, while statistically
controlling for the eﬀects of other inﬂuential factors.
We conducted an ordinal regression analysis with sac-
cade destination as the ordinal dependent variable
(n + 1, n + 2 or n + 3), including the length (in letters)
and cultural frequency of n + 1, and RH and LH uncer-
tainty about n as independent variables. Frequency val-
ues were natural log-transformed word form frequencies
from the British National Corpus. Both WL and fre-
quency were, as expected, reliable predictors of saccade
destination: b = .587, Wald = 82.98, p < .001; b = .213,
Wald = 21.92, p < .001, respectively. 6 The odds of the
saccade landing in n + 1 (compared with n + 2 or
n + 3) increased 79.9% 7 with each letter increase in its
length, and decreased 19.2% with each log unit incre-
ment in its frequency. There was no reliable inﬂuence
of RH uncertainty: b = .018, Wald = .214, p = .64; how-
ever, LH uncertainty was a signiﬁcant factor: b = .065,
Wald = 6.47, p < .05. The odds of the saccade landing inrelationship between the value of the independent variable and the
predicted probability of n + 1 being the saccade destination word; a
negatively signed coeﬃcient indicates an inverse relationship.
7 This change statistic is the percentage change in the odds of the
n + 1 being the saccade destination per unit increase in the independent
variable, and is computed as 100(exp(b)  1).
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Fig. 7. Proportion of cases where n + 1, n + 2 or n + 3 is the saccade destination, as a function of tertile splits of right hemisphere-speciﬁc (a) and left
hemisphere-speciﬁc (b) uncertainty about the identity of word n.
Table 1
Results of the simultaneous multiple regression analyses conducted on
initial landing position in word n + 1, with launch distance, RH
uncertainty and LH uncertainty as predictor variables, for 3–9 letter
destination words
WL N RH uncertainty LH uncertainty
r b t r b t
3 444 .233 .074 3.96** .070 .020 .80
4 690 .354 .078 4.76** .213 .020 .98
5 674 .398 .080 4.05** .230 .005 .29
6 443 .437 .113 4.07** .306 .063 2.50*
7 451 .493 .186 6.41** .254 .018 .71
8 351 .440 .147 3.83** .244 .010 .29
9 281 .455 .123 2.49* .254 .005 .14
Zero-order correlation coeﬃcients (r), unstandardised regression
coeﬃcients (b), and associated t-statistics are indicated for RH and LH
uncertainty only.
Note: WL = length of the destination word, in letters.
* p < .05.
** p < .001.
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uncertainty.
In order to see whether these results generalised to the
data for diﬀerent distances between the current ﬁxation
location and the beginning of word n + 1, we conducted
regression analyses for two additional eccentricities. At
an eccentricity of 1-letter position further (e.g., ﬁxation
on the second letter of a 5-letter launch word, the fourth
letter of a 7-letter launch word), both RH and LH
uncertainty were now reliable predictors: b = .093,
Wald = 9.36, p < .005; b = .137, Wald = 13.14,
p < .001, respectively. At an eccentricity one letter posi-
tion closer (i.e., ﬁxation on the second-last letter of the
launch word), RH uncertainty was not signiﬁcant:
b =  .038, Wald = .22, p = .64; but LH uncertainty
was reliable: b =  .077, Wald = 16.55, p < .001.
These results suggest that target selection is aﬀected
by at least left hemisphere-speciﬁc uncertainty about
the foveal word. The higher the LHs uncertainty about
the identity of the currently ﬁxated word, the less likely
that n + 1 is the saccade destination (i.e., the more likely
n + 1 is skipped and n + 2 or n + 3 landed in). Evidence
for RH uncertainty inﬂuencing target selection was not
found for two of the three eccentricities tested.
2.5.3. Landing position within the destination word
Our next exploration aimed to ascertain if there were
inﬂuences of LH and RH uncertainty on the landing
position of the saccade within the destination word.
For this analysis, we employed the full dataset of 4–8 let-
ter launch words (i.e., visibility was not held constant by
partitioning the dataset; instead, it was statistically con-
trolled using multiple regression techniques). We con-
ducted separate simultaneous multiple regression
analyses on initial landing position for destination
words (n + 1 and n + 2 only) of three through nine let-
ters in length. An additional factor known to be a strongdeterminant of landing position was also included in the
regression equation. The eﬀect of launch distance (LD)
on initial landing position has been described as a sys-
tematic range error (Kapoula, 1985; McConkie, Kerr,
Reddix, & Zola, 1988; Radach & McConkie, 1998): if
one assumes that word-centre is the saccade target, then
saccades launched from more than approximately seven
character spaces in front of word-centre tend to under-
shoot and saccades launched from less than seven char-
acter spaces tend to overshoot their target. The size of
the range error is estimated to be approximately .35–.5
characters per character shift of launch distance.
Table 1 presents the results of the multiple regression
analyses with landing position in n + 1 as the dependent
variable. For all destination word lengths, RH uncer-
tainty was a signiﬁcant factor (ts > 2.4, ps < .02): the
greater the RH uncertainty, the closer to the beginning
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was a reliable predictor of landing position for the
6-letter destination words only. Launch distance was
a signiﬁcant independent predictor for the 5-, 6- and 9-
letter words only (ps < .04). The regression results for
n + 2 as the destination word diﬀered markedly. The
strongest predictor of initial landing position in n + 2
was consistently launch distance. Neither RH nor LH
uncertainty was a signiﬁcant independent predictor of
initial landing position for any of the word lengths
examined.
The size of the RH eﬀect on initial ﬁxation position
can be estimated from the regression equations. The
values of the unstandardised regression coeﬃcients (see
Table 1) ranged from .186 to .074 (M = .114);
meaning that controlling for the other variables, landing
positions moved leftward just over 1/10th of a letter
position on average per bit of RH uncertainty. If we
use the interquartile range as an example contrast, then
for 6-letter destination words the 6.5 bit diﬀerence be-
tween the ﬁrst and third quartiles of the data predicts
a diﬀerence of .74 character spaces in mean landing
position.
It is useful to isolate the RH uncertainty eﬀect for a
speciﬁc launch distance and destination word length
combination. Fig. 8a displays the empirical distribution
of initial ﬁxation locations on 5-letter n + 1, at a launch
distance of four characters. Consistent with previous
studies (McConkie et al., 1988; Rayner et al., 1996), this
landing position distribution is ﬁt reasonably well by a
Gaussian curve. The plot also shows the same data di-
vided into High and Low uncertainty groups (accom-
plished using a median split), which indicates a
dramatic diﬀerence between the decomposed distribu-
tions; landing positions for the Low uncertainty split
are rightward compared with the High uncertainty data.(a)
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letter/LD = 4 character spaces (a), and 7-letter/LD = 3 (b). The best Gaussian
position distributions formed by median splits of right hemisphere uncertainFig. 8b conﬁrms this ﬁnding for 7-letter n + 1, for a
launch distance of three character spaces. It appears that
even length- and launch distance-speciﬁc landing posi-
tion curves can be further decomposed as a function
of word identiﬁcation uncertainty.
2.5.4. Alternatives formulations of uncertainty
The above analyses have been conducted using only
one of a number of possible formulations of the uncer-
tainty measure. The set of lexical candidates is assumed
to be constrained by knowledge of word length, and
uncertainty is computed without weighting each lexical
candidate by its frequency. We consider each of these
assumptions in turn. First, word identiﬁcation processes
may not be constrained by length information, as argued
by Inhoﬀ and Eiter (2003) and Inhoﬀ, Radach, Eiter, and
Juhasz (2003). In a series of isolated word recognition
and sentence reading studies, Inhoﬀ and Eiter found that
foveally-presented correct vs. incorrect length cues did
not aﬀect performance. Similarly, Inhoﬀ et al. (2003)
found that parafoveally-available length information
did not interact with constituent letter information: hav-
ing accurate knowledge of both the length and constitu-
ent letters of an upcoming word when reading did not
inﬂuence ﬁxation durations beyond the additive eﬀects
of access to either type of information.
Inhoﬀ and Eiters (2003) results suggesting that
knowledge of the length of the currently-ﬁxated word
is not used by word identiﬁcation processes might also
apply to hemisphere-speciﬁc uncertainty computations.
For instance, we might expect a comparable ﬁt (or per-
haps even a better ﬁt) to the empirical data using a
length-irrelevant formulation of RH uncertainty.
Length-irrelevant RH uncertainty for a part word such
as tal***** (see Fig. 1) additionally takes into account
the existence of lexical candidates such as tale, talcum,0.00
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or two destination word length/launch distance (LD) combinations: 5-
ﬁts to the composite data are displayed using a solid line. The landing
ty about word n are superimposed.
Table 2
A comparison of ﬁve diﬀerent formulations of word-identity uncertainty, by conducting multiple regression analyses on initial landing position in
word n + 1, with launch distance and uncertainty as predictor variables, for 3–9 letter destination words
WL Length-relevant RH Length-irrelevant RH Whole-word
Type-frequency Token-frequency Type-frequency Token-frequency (Legge et al.)
r b r b r b r b r b
3 .233 .284*** .235 .273*** .241 .058*** .214 .210** .149 .106*
4 .354 .331*** .345 .306*** .338 .278*** .325 .245*** .221 .065
5 .398 .314*** .385 .278*** .365 .238*** .349 .184* .245 .107
6 .437 .447*** .422 .388*** .418 .386*** .393 .292** .133 .059
7 .493 .746*** .459 .588*** .486 .674*** .443 .522*** .173 .013
8 .440 .613*** .411 .445** .443 .601*** .416 .477*** .189 .131
9 .455 .456* .451 .440* .432 .373* .417 .253 .209 .009
Zero-order correlation coeﬃcients (r), semi-standardised regression coeﬃcients (b) are indicated for uncertainty only.
Note: WL = length of the destination word, in letters. Boldface indicates the uncertainty measure with the largest-magnitude semistandarised
coeﬃcient for a given WL.
* p < .05.
** p < .01.
*** p < .001.
8 Adopting a whole-word version of the same asymmetric window
employed for our hemiﬁeld analyses (four letters to the left and six
letters to the right of the ﬁxated letter) results in an uncertainty of zero
for nearly every case in our corpus. The 9-character space window
reported by Legge et al. (2002) would also give similar behaviour.
9 The correlation between whole-word uncertainty and LH uncer-
tainty was low: r = .146.
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tiple regression analyses conducted on initial landing
position in word n + 1, employing launch distance and
RH uncertainty as predictor variables. Table 2 presents
the regression coeﬃcients for RH uncertainty, compar-
ing word length-relevant and length-irrelevant versions
of the measure. In order to allow meaningful compari-
son of regression results between analyses (because the
ranges of uncertainty values may diﬀer), unstandardised
regression coeﬃcients were ﬁrst converted to semistan-
darised coeﬃcients by multiplying by the standard devi-
ation of the independent variable. From Table 2, it is
evident that the length-relevant measure has a larger ef-
fect on landing position than the length-irrelevant meas-
ure, for all lengths of word n + 1.
Our second assumption, that it is the type, not the to-
ken frequency of the set of candidate words matching
available letter information that is relevant, can be sim-
ilarly tested. Legge, Klitz et al. (1997) (see also Legge,
Hooven, Klitz, Mansﬁeld, & Tjan, 2002) ideal-observer
model of reading employs an entropy measure that
incorporates word frequency information; high-fre-
quency lexical candidates are more probable and so re-
duce uncertainty more than low-frequency candidates.
Table 2 contrasts token- vs. type-frequency versions of
our uncertainty measure. For both length-relevant and
length-irrelevant formulations of RH uncertainty, the
semistandardised regression coeﬃcients are larger when
type frequency is employed than when token frequencies
are used.
We carried out two further evaluations of the relation-
ship between initial landing position in n + 1 and our RH
uncertainty measure, by comparing its performance to a
formulation of whole-word uncertainty, and to word
onset frequency. Both of these evaluations address the
necessity of recognising the split-fovea constraint and
computing uncertainty separately for each hemisphere.First, if foveal splitting is not relevant to spatial aspects
of eye movement behaviour, then whole-word uncer-
tainty about the identity of the currently-ﬁxated word
may be as good or even better a predictor of the sorts
of eﬀects we have reported above. We employed Legge,
Klitz et al. (1997) entropy measure in order to estimate
whole-word uncertainty. Note that their measure was
not originally intended as a predictor of human perform-
ance as we use it here. Legge et al.s measure implements
a smaller visual and perceptual span (a window of ﬁve
character spaces centred on the ﬁxated letter where let-
ters can be identiﬁed, and a further four character spaces
to each side where letters can be distinguished from
spaces, but not identiﬁed) than we previously used, 8
and employs token frequency information. In addition,
knowledge of word length constrains the set of lexical
candidates; the exact length of the ﬁxated word is as-
sumed to be available if the word boundary falls within
the 13-character window centred on the ﬁxated letter.
Whole-word uncertainty was moderately correlated with
our RH uncertainty measure (r = .559), 9 but as Table 2
clearly shows, the former measure is less predictive of ini-
tial landing position compared with all four variants of
our original RH uncertainty measure. Whole-word
uncertainty was a statistically signiﬁcant predictor of
landing position for 3-letter word n + 1 only. Computing
uncertainty separately for each hemisphere is empirically
justiﬁed. The key claim embodied in the split-fovea mod-
el is supported by this analysis.
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that is also not tied to foveal splitting. If the number
of other words in the lexicon sharing the same beginning
letters as the currently-ﬁxated word is confounded with
RH uncertainty; it may be that letter cluster frequency is
actually doing the work, which would make our hemi-
ﬁeld distinction superﬂuous. Initial trigram token fre-
quency (also known as onset familiarity) of the word
occurring to the right of the foveal word has been re-
cently shown to inﬂuence the landing position in that
word (Radach, Inhoﬀ, & Heller, 2004; White & Liver-
sedge, 2004). Although the correlation between RH
uncertainty and the (log-transformed) initial trigram to-
ken frequency of word n was very low (r = .080), we nev-
ertheless tested the hypothesis that the latter measure
was a reliable predictor of initial landing position in
word n + 1. Multiple regression analyses on initial land-
ing position in n + 1 (using the same dataset employed in
our previous analyses of initial landing position), with
launch distance and log-transformed initial trigram to-
ken frequency as predictor variables, revealed signiﬁcant
eﬀects of trigram frequency for saccades landing on 7-
and 8-letter n + 1 only (p < .001 and p < 005, respec-
tively). The more familiar the word onset, the closer to
the beginning of 7- or 8-letter word n + 1 was the initial
ﬁxation. For all destination word lengths, the magni-
tudes of the semistandardised regression coeﬃcients
were smaller than those that we obtained for RH uncer-
tainty (.040,.008,.057,.090,.428,.194, and
.187, for 3–9 letter n + 1). We can conclude that the
frequency of the word onset is not driving the results ob-
tained using the RH uncertainty measure.
2.5.5. Summary
Using a corpus of eye movement data, we investi-
gated three possibilities for observing an inﬂuence of fo-
veal splitting on saccade planning, where the amount of
information about the currently ﬁxated word available
to each cerebral hemisphere was operationalised using
the information-theoretic uncertainty measure. Eﬀects
of both RH and LH uncertainty were seen on outward
saccade amplitude, with longer saccades for low RH
and high LH values. We addressed the question of
whether these saccade amplitude diﬀerences were due
to target selection or landing position diﬀerences. Exam-
ination of the frequency distribution of saccade destina-
tion words suggested that both RH and LH uncertainty
aﬀected target selection. However, a more sensitive anal-
ysis that controlled for extraneous factors using ordinal
logistic regression conﬁrmed this ﬁnding for LH uncer-
tainty only. If the LHs uncertainty about the identity
of the currently ﬁxated word is high, the next saccade
is preferentially directed past n + 1. Finally, the landing
position analyses indicated a strong eﬀect of RH uncer-
tainty. When n + 1 was the destination word, the initial
landing position was closer to the beginning of the wordif RH uncertainty was high than if it was low. Supple-
mentary analyses demonstrated that the strongest rela-
tionship to initial landing position was achieved when
the uncertainty measure took word length into account,
and when is was not weighted by the frequency of the
lexical candidates. Two alternatives to computing uncer-
tainty separately for the two hemiﬁelds were ruled out:
both whole-word uncertainty and initial trigram token
frequency measures fared worse in accounting for initial
landing position in n + 1.
Although reliable eﬀects of both RH and LH uncer-
tainty were observed on outward saccade amplitude,
only target selection was consistently inﬂuenced by LH
uncertainty. In contrast, only initial landing position
(and then only in n + 1) was reliably inﬂuenced by RH
uncertainty. We suggest that rather than assuming a
general modulation of saccade amplitude by hemi-
sphere-speciﬁc uncertainty, variability in saccade ampli-
tude (controlling for the eccentricity, frequency, and
length of word n + 1) as a function of LH uncertainty re-
ﬂects diﬀerences in saccade target selection, and the var-
iability in saccade amplitude (controlling for the launch
distance and length of word n + 1) as a function of RH
uncertainty primarily reﬂects diﬀerences in initial ﬁxa-
tion position, when the eyes are sent to n + 1.
2.6. Uncertainty about the identity of parafoveal words
Uncertainty about the identity of the next word(s) in
parafoveal vision may also inﬂuence saccade planning,
with the size of the saccade depending on the ability of
the available visual information about n + 1 to discrim-
inate it from the rest of the lexicon. An obvious conse-
quence of a relationship between uncertainty and
saccade planning is word skipping. For instance, if word
n + 1 is completely identiﬁable from the current ﬁxation
on word n (e.g., short words such as in and a), the next
saccade may be directed towards n + 2, skipping n + 1.
If both n + 1 and n + 2 can be easily identiﬁed (e.g., se-
quences of short words such as out of), then the saccade
target may be n + 3. We examined the inﬂuence of the
left hemispheres uncertainty about the identity of the
parafoveal word(s) on (1) outward saccade amplitude,
(2) selection of the saccade target, and (3) the landing
position in the target.
2.6.1. Saccade amplitude
Analogous to our methods for exploring the eﬀects of
hemisphere-speciﬁc uncertainty about the identity of the
currently ﬁxated word, we tested the hypothesis that
outward saccade length was aﬀected by uncertainty
about the identity of the next word. Because we only
consider progressive saccades, this will necessarily be
LH uncertainty. Part (and sometimes all) of word
n + 1 will often fall into high-acuity vision, particularly
when the previous ﬁxation position is near the end of
Table 3
Results of the ordinal logistic regression model ﬁt to the EMBRA
corpus data with saccade destination (n + 1, n + 2, or n + 3) as the
dependent variable
Variable Coeﬃcient (b) Wald p Odds ratio Change (%)
ECn+1 .078 3.22 .073 .925 8.3
WLn+1 .262 58.84 <.001 1.300 30.0
FRQn+1 .201 118.46 <.001 .818 18.2
WLn+3 .078 50.29 <.001 .925 7.5
ECn+3 .321 233.49 <.001 1.379 37.9
RH Hn .083 39.93 <.001 1.087 8.7
LH Hn .055 34.56 <.001 .946 5.4
LH Hn+1 .007 .10 .754 1.007 .7
The following independent variables were included: eccentricity of
word n + 1 (ECn+1), length of n + 1 (WLn+1), log frequency of n+1
(FRQn+1, eccentricity of n + 3 (ECn+3), length of n + 3 (WLn+3), RH
uncertainty about word n (RH Hn), and LH uncertainty about word n
(LH Hn) and word n + 1 (LH Hn+1).
Note. Change values are the increase or decrease in the odds of the
saccade landing in n + 1, per unit increase in the value of a particular
independent variable (controlling for the other independent variables).
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(word n 4–8 letters in length, n not reﬁxated, visibility/
eccentricity of n + 1 held constant), and calculated the
LHs uncertainty about n + 1, assuming a forward win-
dow size of six characters within which letters could be
identiﬁed.
Because we have already shown that both the RHs
and LHs uncertainty about the currently ﬁxated word
were signiﬁcant independent predictors of outward sac-
cade amplitude, both of these variables need to be statis-
tically controlled in order to detect a unique eﬀect of LH
uncertainty about the identity of n + 1. Simultaneous
multiple regression analyses including both RH and
LH uncertainty about word n as factors revealed a reli-
able eﬀect of n + 1 uncertainty: b = .080, t(1479) =
3.11, p < .005. Saccades launched from word n tend to
be shorter the higher the uncertainty about the identity
of n + 1. Is this eﬀect of n + 1 uncertainty due to a con-
found with the length of n + 1? These two variables were
highly positively intercorrelated (r = .801)––uncertainty
about the identity of n + 1 increases with its length––
and as noted above, there is a relationship between
outward saccade amplitude and the length of the subse-
quent word (Rayner, 1979). A further regression analy-
sis including the length of n + 1 as a predictor gave
nearly identical results, indicating an independent role
for LH uncertainty even when the length of word
n + 1 was statistically controlled.
Because a large component of this saccade amplitude
eﬀect simply reﬂects whether n + 1 is skipped or not,
with the probability of n + 1 being ﬁxated positively cor-
related (r = .561) with its uncertainty value, analysing
targetting behaviour will provide a more insightful pic-
ture of the inﬂuence of uncertainty about the identity
of a parafoveal word on saccade planning.
2.6.2. Target selection
As in the previous target selection analysis, we re-
stricted the dataset to launch words occurring at least
four words from the end of the line of text. Because
for many of these cases, word n + 3 occurs outwith the
eﬀective forward perceptual span, it would be unrealistic
to include it as a possible saccade destination in the
analysis. Therefore, we incorporated an additional con-
straint: the estimated size of the perceptual span
(McConkie & Rayner, 1976). The dataset was restricted
to those cases where the ﬁrst letter of n + 3 occurred no
more than 15 characters from ﬁxation. As compensation
for this reduction in the amount of usable data, we em-
ployed the full range of launch word lengths, but still re-
stricted to launch words receiving a single ﬁxation. The
resulting dataset contained 4729 cases.
Next, we conducted an ordinal logistic regression on
saccade destination (n + 1, n + 2 or n + 3), including in
the regression equation a number of variables that de-
scribe essential features of the forward visual conﬁgura-tion. These were: the lengths of the next three words (the
target candidates), the eccentricities of the three target
candidates (the distance, in character spaces, between
the current ﬁxation and the ﬁrst letter of the candidate),
the frequency of n + 1, and LH uncertainty about the
identity of n + 1. Because the length and eccentricity of
n + 2 are completely redundant when the length of
n + 1 and eccentricity of n + 3 are also in the regression,
only the latter two variables were included. Other fac-
tors such as the predictability of the parafoveal word(s)
from context are also good candidates for inﬂuencing
target selection (e.g., Brysbaert & Vitu, 1998); we have
simpliﬁed matters by considering only potentially rele-
vant lexical factors aﬀecting word identiﬁcation in the
current analysis.
All variables except LH uncertainty about n + 1 were
signiﬁcant predictors of the saccade destination. The
eccentricity of n + 1 was only marginally signiﬁcant.
Table 3 displays the regression model parameters. The
ﬁt of the model to the data as assessed by Nagelkerkes
R2 is .314. Table 3 also provides the odds ratio and
change statistic (the percentage increase or decrease in
the odds of landing in n + 1 vs. n + 2 or n + 3, control-
ling for the other variables in the equation) for each pre-
dictor. Strong inﬂuences on target selection were
observed for the length and frequency of n + 1––the
odds of the saccade landing in n + 1 increased with
length and decreased with frequency––which ﬁts well
with the research cited earlier on word skipping. An-
other important factor was the eccentricity of n + 3,
which, together with the fact that the length of n + 3
was also a signiﬁcant factor, suggests that the spatial
properties of the entire forward visual conﬁguration af-
fect saccade target selection. Finally, both RH and LH
uncertainty about the currently ﬁxated word were relia-
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spatial factors and the frequency of the next word are
held constant, the uncertainty about the identity of word
n as computed separately from the letter information
present in the two hemiﬁelds has a measurable inﬂuence
on target selection.
In order to visualise the non-linear eﬀects that a par-
ticular variable has on the observed and predicted distri-
butions of saccade destinations, Fig. 9 shows the
empirical cumulative probabilities of the saccade land-
ing in n + 1, n + 2 or n + 3 (delimited by ﬁlled circles
and open squares), as a function of the length of n + 1
(and collapsing over all other factors). For 2-letter
n + 1, the relative frequency of the saccade landing in
n + 1 and the cumulative relative frequency of landing
in either n + 1 or n + 2 are lowest (.099 and .678, respec-
tively). As n + 1 increases in length, the proportion of
saccades landing in n + 1 also increases, with the pro-
portion landing in n + 3 dropping oﬀ rapidly. For 8-let-
ter n + 1, very few saccades landed in n + 3. The lines in
Fig. 9 indicate the values predicted by the ordinal regres-
sion model ﬁt to the empirical data.
2.6.3. Landing position within the destination word
Does LH uncertainty about the identity of the desti-
nation word aﬀect the initial landing position within this
word? We carried out separate simultaneous multiple0.00
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Fig. 9. Observed and predicted cumulative probabilities for saccade
destination words as a function of the eccentricity of n + 1 (a), and as a
function of the length of n + 1 for the subset of the data with
eccentricity held constant at four character spaces (b). Markers
indicate empirical cumulative probabilities, and lines indicate the
values predicted by the ordinal regression model. The bottom region of
each plot depicts the predicted probability of landing in n + 1, the
middle region is the probability of landing in n + 2 (and so the region
below the top [dashed] line is the cumulative probability of landing in
either n + 1 or n + 2).regression analyses for the cases where n + 1 and n + 2
were the saccade destination words, for destination
words of three through nine letters in length and 4–8 let-
ter launch words. In order to increase statistical power,
visibility was not controlled by restricting the dataset; in-
stead, launch distance was included as a covariate in the
regression analyses. Thus, the predictor variables were
launch distance (a strong low-level determinant of land-
ing position, e.g., McConkie et al., 1988) and LH uncer-
tainty about the destination word, computed from the
available visual information. For the analyses where
n + 1 was the destination, we also included RH uncer-
tainty about word n in the equation, since the analyses re-
ported above have shown this variable to inﬂuence
landing position. Once launch distance was controlled,
LH uncertainty about the identity of n + 1 was never a
reliable independent predictor of initial ﬁxation position
in n + 1 for any of the word lengths tested, and was a reli-
able predictor of initial ﬁxation position in n + 2 for 9-
letter destination words only (b =  .183, t = 2.45,
p < .05). LD and LH uncertainty are highly intercorre-
lated (rs  .90), and so the multiple regression analysis
approach did not ﬁnd that any additional variance was
explained by LH uncertainty once LDwas partialled out.
2.6.4. Summary
We addressed the question of whether the left hemi-
spheres uncertainty about the identity of the ﬁrst word
to the right of the currently ﬁxated word inﬂuenced sac-
cade planning. Although an eﬀect of LH uncertainty
about n + 1 was observed on outward saccade ampli-
tude, with longer saccades being recorded when uncer-
tainty was low, we suggested that this saccade size
eﬀect might simply reﬂect a target selection mechanism
that was preferentially directing the eyes beyond n + 1,
entailing that n + 1 was skipped. However, once other
inﬂuential variables were controlled, there was no relia-
ble unique eﬀect of LH uncertainty on either the selec-
tion of the saccade target or the initial landing
position within the destination word.3. Discussion
This paper has presented analyses of human eye
movement data that explored the consequences of a fun-
damental anatomical constraint on reading: the initial
projection of information in either visual ﬁeld to the
contralateral visual cortex. When the consequences of
foveal splitting are spelled out using the information-
theoretic uncertainty measure, saccade planning (the
where component of eye movement control) proved
to be sensitive to each hemispheres estimated uncer-
tainty about the identity of the currently ﬁxated word.
Our corpus analyses yielded four principal results
that should constrain models of eye guidance during
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tions about how word identiﬁcation is constrained by
the properties of the visual system, we explored the con-
sequences of these assumptions for saccade planning in
reading. All of our analyses rely on measurements of
hemisphere-speciﬁc uncertainty, computed using a plau-
sible letter-identiﬁcation span. RH and LH uncertainty
are co-determined by visual information and the pres-
ence of other words in the lexicon, and can been seen
as estimates of each hemispheres conﬁdence about the
identity of the currently ﬁxated word.
First, by comparing the average initial ﬁxation posi-
tion to mean RH and LH uncertainty at this position,
we found an advantage for the LH, in that mean uncer-
tainty for the RH was slightly higher. However, this
advantage was quite small; at the average ﬁrst ﬁxation
location, both hemispheres had roughly equal chances
of identifying the ﬁxated word. This result suggest that
eye guidance is not random or completely dumb, but
rather has properties that could be seen as providing
an optimal solution to the task of word identiﬁcation
(cf. Shillcock et al., 2000) by balancing the lexical
processing load between the two hemispheres. 10
Second, we found distinct inﬂuences of LH and RH
uncertainty about the identity of the currently ﬁxated
word on the amplitude of the outward saccade. There
was a strong independent eﬀect of RH uncertainty on
initial landing position within the destination word. If
n + 1 was targetted, the location of the initial ﬁxation
in this word tended to be further toward word beginning
if RH uncertainty was high than if low. The latter
behaviour is consistent with right hemisphere involve-
ment in word identiﬁcation in that it locates the end of
the previously ﬁxated word (the part formerly situated
in the right visual ﬁeld and thus not initially projected
to the RH) in the left visual ﬁeld. This modulation of ini-
tial landing position by RH uncertainty was a notable
ﬁnding; we conjecture that when RH uncertainty about
word n is high, the saccade to n + 1 may be programmed
to give the RH access to the ﬁnal letters of word n, and
thus more information about its identity. Binder, Poll-
atsek, and Rayner (1999) have demonstrated that sac-
cade planning is sensitive to properties of words
(falling in the LVF) beyond which the eyes have already
moved. 11 Binder et al. report that manipulating the
parafoveal postview––by replacing word n  1 with an-
other word once the eyes crossed the boundary between
n  1 and n––inﬂuenced eye movement measures such as10 Note that optimal ﬁxation behaviour can similarly be derived
from Legge, Klitz et al. (1997) ideal-observer model, where the
quantity of information transmitted through a 5-letter visual span is
the relevant variable.
11 Whether this word (n  1) was previously ﬁxated or skipped
made no diﬀerence (Binder et al., 1999).the time spent re-reading word n  1 (see also Inhoﬀ,
Radach, Starr, & Greenberg, 2000).
Third, we found a consistent inﬂuence of LH uncer-
tainty on target selection. When LH uncertainty about
word n was low, there was a greater likelihood of target-
ting n + 1 (in comparison with n + 2 or n + 3) than when
high. We could interpret this preference as functional
pressure to equalise the processing done by the two hem-
ispheres. A saccade to n + 1 may allow at least the last
few letters of word n to fall in higher-acuity vision,
and thus improve the RHs chances of identifying word
n. 12 Our analyses using a realistically-sized perceptual
span also indicated a unique inﬂuence of RH uncer-
tainty. When RH uncertainty about word n was high,
the odds of targetting n + 1 were greater than if uncer-
tainty was low. Again, this behaviour may reﬂect a func-
tional propensity for equalising the amount of
information that each hemisphere has about the identity
of word n.
Fourth, the results of our analyses demonstrated ef-
fects of uncertainty on outward saccade amplitude that
were in opposite directions for the RH and LH. We
could infer that normally both hemispheres are actively
involved in solving the problem of word identiﬁcation
in reading, and that the conﬁdence that each hemisphere
has about the identity of the ﬁxated word can independ-
ently inﬂuence saccade planning. Although the LH is
generally recognised as playing the dominant role for
many facets of language processing, the RH has a clear
role to play at the earliest stages of lexical processing.
Our RH results are consistent with the results of an eye-
tracking experiment carried out by Rayner, Well, and
Pollatsek (1980). Using a gaze-contingent text window
display technique, they found that variables such as read-
ing rate and forward saccade size were signiﬁcantly re-
duced when visibility was restricted to the RVF (the
LVF contained a visual mask), and even more so when
visibility was restricted to the LVF. Taken together, the
results of Rayner, McConkie et al. (1980) and Binder
et al. (1999) indicate that letter information in the LVF
associated with either the word currently being ﬁxated
or the previously ﬁxated word can aﬀect eye movements,
underlining the importance of the RH for reading.
Our analyses of the EMBRA corpus have demon-
strated that taking into consideration foveal splitting
provides a more complete account of spatial aspects of
saccade behaviour than if foveal splitting is not consid-
ered. Further support for this approach would be pro-
vided through the generation and conﬁrmation of
testable predictions. One such prediction concerns the
inﬂuence of ﬁxation pattern on the saccade landing in12 An alternative strategy for improving the RHs chances of
successfully identifying word n is to make a reﬁxation; we have not yet
considered this possibility as our dataset was restricted to non-
reﬁxated launch words.
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were conducted on a subset of the EMBRA corpus
where the launch word received a single ﬁxation only.
This restriction was made in order to control for poten-
tial eﬀects of ﬁxation pattern on saccade amplitude;
Radach and Kempe (1993) found that holding the
eccentricity of n + 1 constant, whether or not word n
was reﬁxated had a sizeable inﬂuence on the initial ﬁxa-
tion position of saccades landing in n + 1. We found a
comparable eﬀect in the EMBRA dataset where a sac-
cade launched from 4–8 letter word n lands in 3–9 letter
n + 1. A multiple regression on landing position in n + 1,
including launch distance (LD), the length of n + 1
(WLn+1), and whether or not n was reﬁxated (Reﬁx)
indicated that all three variables were signiﬁcant inde-
pendent predictors (ps < .0001). The unstandardised
regression coeﬃcient for Reﬁx was .357, indicating that
controlling for the other factors, the initial landing posi-
tion in n + 1 moved rightward approximately 1/3 char-
acter if n was reﬁxated.
We noted that RH uncertainty about word n would
tend to be lower for reﬁxated cases than for single-ﬁxa-
tion cases, because the RH would tend to receive more
of the constituent letters with two ﬁxations spread over
the word (the typical situation) than with a single ﬁxa-
tion. This expectation was conﬁrmed: mean RH uncer-
tainty is 1.22 for reﬁxated cases, compared with 4.37
for single-ﬁxation cases; the correlation between RH
uncertainty and whether or not n was reﬁxated is
.252. We anticipated that diﬀerences in RH uncer-
tainty between reﬁxated and single-ﬁxation cases, con-
trolling for eccentricity, could explain Radach and
Kempes somewhat perplexing ﬁnding. In order to test
this prediction and determine the unique contributions
of Reﬁx and RH uncertainty to initial landing position
in n + 1, we used a hierarchical multiple regression ap-
proach. The regression equation containing LD,
WLn+1, RH H and Reﬁx explains 18.6% of landing posi-
tion variability. The equation containing the ﬁrst three
variables only accounts for 18.5%, indicating that Reﬁx
uniquely explains .1% of the landing position variance.
The regression equation containing LD, WLn+1 and Re-
ﬁx only accounts for 15.8% of the variance; thus RH H
uniquely explains 2.8% of the variance. To summarise:
even when controlling for other inﬂuential factors, RH
uncertainty subsumed Reﬁx as a predictor of the loca-
tion of the initial ﬁxation in n + 1. The eﬀect of ﬁxation
pattern on saccade planning reported by Radach and
Kempe may be explained as diﬀerences in RH uncer-
tainty about the identity of the currently-ﬁxated word.
It is notable that we failed to ﬁnd any impact of the
informational properties of the next word in parafoveal
vision (word n + 1) on saccade planning. Although LH
uncertainty about n + 1 was correlated with outward
saccade amplitude, there was no reliable inﬂuence on
either target selection or initial landing position onceword length and launch distance were statistically con-
trolled. This null result is somewhat surprising given
that other studies have reported eﬀects of the ortho-
graphic properties of the target word on initial landing
position (e.g., Dore´ & Beauvillain, 1997; Hyo¨na¨, 1995;
Underwood et al., 1990; Vonk, Radach, & van Rijn,
2000; White & Liversedge, 2004). For instance, White
and Liversedge (2004) report that where a word was ﬁrst
ﬁxated was inﬂuenced by the token frequency of its ini-
tial letter sequence: the less familiar this letter sequence,
the closer to word beginning the initial ﬁxation was
made. Their results suggest that it is word-onset fre-
quency, not informativeness (the number of lexical can-
didates matching the initial trigram, akin to our
deﬁnition of uncertainty) that aﬀects landing positions
in the next word. Might initial trigram token frequency
be a better candidate than uncertainty for inﬂuencing
initial ﬁxation position? We computed this measure by
summing the British National Corpus frequencies for
all words beginning with a given trigram, and entered
the log-transform of this variable in place of LH Hn+1
into the regression analyses conducted on landing posi-
tion in n + 1 (see Section 2.6.3). Initial trigram frequency
was not a signiﬁcant factor for any of the target word
lengths.
3.1. Independent hemispheric processing
Although the initial projections of the two parts of a
ﬁxated word are to diﬀerent hemispheres, it is probably
false to assume that the processing of each part-word is
restricted to the contralateral hemisphere. Interhemi-
spheric communication across callosal connections is
extremely rapid, but cannot reproduce in the ipsilateral
hemisphere the richness of V1 processing in the contra-
lateral hemisphere. Hence it may be necessary or
advantageous to divide the processing load between
the two hemispheres in line with the foveal projection.
If word recognition was delayed until all of the letter
information associated with the currently ﬁxated word
was transmitted between the visual cortices, then one
would not expect any aspect of eye movement behav-
iour to reﬂect the discriminability of each hemiﬁelds
part-word from the rest of the lexicon. The work by
Lavidor et al. (2004) cited earlier demonstrated that
the number of other 6-letter words sharing the ﬁrst
three letters of a 6-letter target word (lead-neighbour-
hood size) inﬂuenced lexical decision response times,
but only if the word was centrally presented in order
that the critical trigram was initially projected to the
RH. There was no eﬀect of lead-N using fully lateral-
ised presentations, supporting the split-fovea theory.
Our analyses of natural reading data complement Lavi-
dor et al.s controlled laboratory-task research, supply-
ing further evidence for the psychological relevance of
part-word representations.
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The relationship between the uncertainty that each
hemisphere has about the ﬁxated words identity and
outgoing saccade amplitude is not straightforward to
explain mechanistically. A high uncertainty value may
correspond to a large number of activated lexical candi-
dates, or to an increased level of competition in the lex-
icon, compared with a low uncertainty value. This level
of activation (or competition) may contribute to the
processing eﬀort involved in isolating the correct lexical
entry using the orthographic information available, and
so a model of eye movement control that postulates a
dependence between the rate (or completion) of lexical
processing and the programming of the next saccade
would predict that it is only the summed lexical activa-
tions of the two part-words that could inﬂuence saccade
planning.
Either of the two possible routes for interhemispheric
transfer discussed in Section 1 (IHT and EHT) would
ensure information in the two hemiﬁelds crosses the cor-
pus callosum. IHT could be considered to be the unex-
pressed, default assumption made by current models
of eye movement control in reading. The EHT route is
not so easily accommodated; its recognition would re-
quire assumptions that a saccade can be programmed
from word n in order to facilitate [further] lexical
processing of word n when the eyes are on word n + 1.
The EZ-Reader model (Reichle, Rayner, & Pollatsek,
2003) assumes that word identiﬁcation is the driving
force of eye movements; the programming and execu-
tion of outgoing saccades are tightly linked to comple-
tion of the ﬁrst stage of lexical access. Thus, the
inﬂuences of hemisphere-speciﬁc uncertainty on saccade
planning reported here could not easily be incorporated
into EZ-Reader. Models that do not assume a sequen-
tial, causal relationship between lexical access and sac-
cade planning are more compatible with the current
data. For instance, although there is a strong depend-
ence between lexical activation and saccade target selec-
tion in the SWIFT model (Engbert, Longtin, & Kliegl,
2002) of eye movement control, the level of activation
of the currently ﬁxated word does not directly inﬂuence
saccade planning. The target of the next saccade is cho-
sen as a probabilistic function of the lexical activation
levels of the all candidate targets. Thus, SWIFT would
require an additional mechanism in order to implement
the inﬂuences of part-word uncertainty on the where
component of the model.
3.3. Interhemispheric division of labour
In preference to a mechanistic explanation of how eye
guidance is aﬀected by hemisphere-speciﬁc uncertainty,
we have favoured a functional account centred around
a tendency towards a division of labour between thehemispheres for two reasons. First, the global analysis
of the EMBRA corpus data show that average LH
and RH uncertainty values are equal for ﬁxation loca-
tions at approximately word-centre. At this ﬁxation
position the estimated chances of each hemisphere of
identifying the ﬁxated word are roughly equal. The
mean initial ﬁxation location is slightly left of this posi-
tion; on average, the ﬁrst ﬁxation made on a word is at a
location that would spread the informational load
across the two hemispheres.
Second, our analysis of the dynamics of hemisphere-
speciﬁc uncertainty across successive interword saccades
is consistent with the division of labour notion. There is
a marked preference for a decrease in RH uncertainty
across saccades to be accompanied by an increase in
LH uncertainty and vice-versa, over either an increase
in both RH and LH uncertainty or a decrease in both
RH and LH uncertainty across saccades. This skewed
distribution is consistent with a functional propensity
to divide the lexical processing load between the two
hemispheres, also doing so over time, rather than a pref-
erence to localise the bulk of the work in one hemisphere
or the other.
In Section 1 we proposed that the eye guidance sys-
tem may have adapted with reading experience to pro-
vide a near-optimal solution to the problem of word
identiﬁcation. A division of labour between the cerebral
hemispheres may constitute part of this solution. Initial
projection of part-word information to the contralateral
hemispheres may result in more eﬃcient lexical process-
ing than a mono-ﬁeld reading strategy. Although to our
knowledge no studies have evaluated the consequences
of single-hemiﬁeld word reading (i.e., always ﬁxating
just before or just after a given word), behavioural
experiments have tested the eﬀects of ﬁxation enforced
at word boundaries and found processing costs (e.g., in-
creased naming or lexical decision response times) com-
pared with central ﬁxations (e.g., Brysbaert et al., 1996;
Nazir, ORegan, & Jacobs, 1991). Of course, it is diﬃcult
to disconfound acuity limitations using this paradigm
(cf. Nazir, Jacobs, & ORegan, 1998). We would predict
that if acuity can be factored out, word identiﬁcation
and thus reading performance would beneﬁt from hav-
ing both hemispheres address the problem.
Finally, we recognise that our analyses have made
certain simpliﬁcations. First, we have assumed that the
right eye provides ﬁxation data that are not crucially
compromised by the reality of a ﬁxation disparity during
text reading that seems to vary both within and between
readers (Heller & Radach, 1999). Second, we have ig-
nored the fact that in reading the point of ﬁxation falls
in as well as between letters; the former situation implies
diﬀerent partial information about that letter being re-
ceived by each hemisphere. Although we could have as-
sumed bilateral projection of the ﬁxated letter, there is
compelling evidence against such an overlap (Fendrich
S.A. McDonald, R.C. Shillcock / Vision Research 45 (2005) 801–820 819& Gazzaniga, 1989). Third, we have used a rectangular
as opposed to a graded acuity function; beyond six char-
acters to the right of the ﬁxated letter, letters are as-
sumed to be unidentiﬁable.4. Conclusions
The primary conclusion from the eye movement anal-
yses presented here is that a complete model of eye
movement control during reading should incorporate
constraints due to the anatomical properties of the vis-
ual system. The implications of foveal splitting for sac-
cade planning are that measures of uncertainty about
the identity of the ﬁxated word, derived from the letter
information available to each hemisphere, have signiﬁ-
cant and independent inﬂuences on spatial aspects of
eye movement behaviour. A division of labour between
the hemispheres oﬀers a potential explanation for these
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